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1
DRIVING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2019-052708 filed on Mar. 20, 2019,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

The technology relates to a driving system to be mounted
on a driving apparatus of a movable body such as a vehicle.

An apparatus that controls a hybrid electric vehicle has
been developed that performs, on the basis of a fuel con-
sumption rate, switching between an electric travel mode 1n
which only a motor 1s driven and a hybnd travel mode in
which an engine 1s driven. Reference 1s made to Japanese

Unexamined Patent Application Publication No. 2014-
205384, for example.

SUMMARY

An aspect of the technology provides a drniving system
including an engine, a motor generator, an output unit, a
power transmission mechanism, and a controller. The engine
1s configured to generate an engine driving force. The motor
generator 1s configured to generate a motor driving force.
The output unit 1s configured to output at least one of the
engine driving force or the motor driving force. The power
transmission mechanism 1s configured to select a first drive
mode and a second drive mode. The first drive mode 15 a
mode 1 which both of the engine driving force and the
motor driving force are transmitted to the output unit, and
the second drive mode 1s a mode in which only the engine
driving force, out of the engine driving force and the motor
driving force, 1s transmitted to the output unit. The controller
1s configured to control the power transmission mechanism
to select the first drive mode, either one of when a first fuel
consumption rate ol the engine 1n the first drive mode 1s
lower than a second fuel consumption rate of the engine 1n
the second drive mode, and when the first fuel consumption
rate of the engine 1n the first drive mode 1s estimated to be
lower than the second fuel consumption rate of the engine 1n
the second drive mode.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure and are incorporated
in and constitute a part of this specification. The drawings
illustrate example embodiments and, together with the
specification, serve to explain the principles of the technol-
0gy.

FIG. 1 1s a schematic view 1llustrating an example of an
outline configuration of a vehicle driving system according
to one example embodiment of the technology.

FIG. 2A 1s a first schematic diagram for explaining a
power transmission path of a first drive mode 1n the vehicle
driving system illustrated in FIG. 1.

FIG. 2B 1s a second schematic diagram for explaining a
power transmission path of the first dnve mode in the
vehicle driving system 1llustrated 1n FIG. 1.

FIG. 2C 1s a table illustrating states of clutches 1n the first
drive mode.
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FIG. 3A 1s a first schematic diagram for explaining a
power transmission path of a second drive mode 1n the
vehicle driving system 1llustrated 1n FIG. 1.

FIG. 3B 1s a second schematic diagram for explaining a
power transmission path of the second drive mode 1n the
vehicle driving system 1llustrated 1n FIG. 1.

FIG. 3C 1s a table illustrating states of clutches 1n the
second drive mode.

FIG. 4A 1s a first schematic diagram for explaiming a
power transmission path of a third drive mode 1n the vehicle
driving system illustrated in FIG. 1.

FIG. 4B 1s a second schematic diagram for explaining a
power transmission path of the third drive mode 1n the
vehicle driving system 1llustrated 1n FIG. 1.

FIG. 4C 15 a table illustrating states of clutches in the third
drive mode.

FIG. 5§ 1s an example of a flowchart for explaining a
control flow 1n the vehicle driving system 1llustrated 1n FIG.
1.

FIG. 6 1s a map 1illustrating a relationship between a driver
requested output and a requested amount of charge-dis-
charge in the vehicle driving system 1llustrated 1n FIG. 1.

FIG. 7 1s a map 1llustrating a relationship between a state
of charge (SOC) and an upper limit of an amount of
charge-discharge of a battery 5 in the vehicle driving system

illustrated 1in FIG. 1.

DETAILED DESCRIPTION

In the following, some example embodiments of the

technology are described with reference to the accompany-
ing drawings. Note that the following description 1s directed
to 1llustrative examples of the disclosure and not to be
construed as limiting to the technology. In each of the
drawings referred to in the following description, elements
have different scales in order to illustrate the respective
clements with si1zes recognizable 1n the drawings. Therefore,
factors including, without limitation, the number of each of
the elements, the shape of each of the elements, a size of
each of the elements, a ratio between the elements, and
relative positional relationship between the elements are
illustrative only and not to be construed as limiting to the
technology. Further, elements in the following example
embodiments which are not recited in a most-generic 1inde-
pendent claim of the disclosure are optional and may be
provided on an as-needed basis. Throughout the present
specification and the drawings, elements having substan-
tially the same function and configuration are denoted with
the same numerals to avoid any redundant description. The
description 1s given in the following order.
1. Example Embodiment (An example of a vehicle driving
system including a power transmission mechanism perform-
ing, on the basis of a fuel consumption rate, switching
between a power-split drive mode and an engine-directly-
coupled drive mode)

1.1 Outline Configuration of Vehicle Driving System

1.2 Drive modes in Vehicle Driving System

1.3 Control in Vehicle Drwmg System

1.4 Workings and Example Effects of Vehicle Driving
System
2. Modification Examples

In a driving system of a hybrid electric vehicle including
a motor and an engine, there 1s a possibility that a fuel
consumption rate ol the engine may possibly increase
depending on a traveling state of the vehicle.
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It 1s desirable to provide a driving system that makes it
possible to reduce fuel consumption of an engine.

1. Example Embodiment

[1.1 Outline Configuration of Vehicle Driving System 100]
FIG. 1 schematically illustrates an example of an outline
configuration of a power transmission system in a vehicle
driving system 100 according to an embodiment of the
technology. The vehicle driving system 100 may be mounted
on a hybrid electric vehicle that has an engine 1 and a motor
generator (MG) 2, and the vehicle driving system 100 may
drive the vehicle. Heremafter, the hybrid electric vehicle
may be simply referred to as a “vehicle”. As illustrated in
FIG. 1, the vehicle driving system 100 includes the engine
1, the MG 2, a power transmission mechanism 3, a controller
4, and an output unit 6. The vehicle dniving system 100 may
also include a battery 5.
[Engine 1]

The engine 1 may be an internal combustion engine that
generates an engine driving force by combusting a fuel such
as gasoline. An engine output shait 11 may be provided
between the engine 1 and the power transmission mecha-
nism 3. The engine output shait 11 may be rotated by the
driving force of the engine 1. The engine output shaft 11 may
have a first end coupled to the engine 1 and a second end
coupled to the power transmission mechanism 3. In one
embodiment, the engine 1 may serve as an “engine”.

IMG 2]

The MG 2 may be a driving source that generates a motor
driving force that drives the vehicle by using electric power
supplied by the battery 5. The MG 2 may also be an
clectricity generator that charges the battery 5 by being
driven by using the engine driving force of the engine 1. The
MG 2 may include an mput-output shait 21 that rotates
integratedly with a rotor 1n the MG 2 and a gear 22 that 1s
fixed to the mput-output shait 21. The MG 2 may be, for
example, a three-phase alternating-current synchronous
motor. However, the MG 2 i1s not limited to an alternating-
current synchronous motor, and may be an alternating-
current induction motor or a direct-current motor. In one
embodiment, the MG 2 may serve as a “motor generator”.
|[Power Transmission Mechanism 3]

The power transmission mechanism 3 1s configured to
select a power-split drive mode and an engine-directly-
coupled drive mode. Heremafiter, the power-split drive mode
may be referred to as a “PS drive mode”. In one embodi-
ment, the power-split drive mode may serve as a “first drive
mode”. In one embodiment, the engine-directly-coupled
drive mode may serve as a “second drive mode”. In the PS
drive mode, the power transmission mechanism 3 transmits
both of the engine driving force generated in the engine 1
and the motor driving force generated 1n the MG 2 to the
output unit 6. In the engine-directly-coupled drive mode, the
power transmission mechanism 3 transmits only the engine
driving force, out of the engine driving force and the motor
driving force, to the output unit 6. The PS drive mode and
the engine-directly-coupled drive mode will each be
described 1n detail later. In one embodiment, the power
transmission mechanism 3 may serve as a “power transmis-
sion mechanism”™.

The power transmission mechanism 3 may include, for
example, a power transmitter 30, a sun gear 31, a pinion gear
32, a ning gear 33, a driving shatt 34, a carrier 35, a disc 36,
a low-speed gear 37, a high-speed gear 38, and a gear 39. Of
those, the sun gear 31, the pinion gear 32, and the ring gear
33 may each have a planetary gear mechanism. The sun gear
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31 may be fixed to a first end of the driving shait 34, and the
gear 39 may be fixed to a second end of the driving shaift 34.
The disc 36 may be fixed to the driving shaft 34, between the
sun gear 31 and the gear 39. Further, the carrier 35 may be
coupled to the pinion gear 32.

The power transmitter 30 may be coupled to a second end
of the engine output shait 11, and may rotate integratedly
with the engine output shait 11. Further, the power trans-
mitter 30 may be engaged with the ring gear 33 via a clutch
C0, thus, the power transmitter 30 and the ring gear 33 may
rotate integratedly.

In the power transmission mechanism 3, the disc 36 and
the carrier 35 may be engaged with each other via a clutch
C1, thus, the sun gear 31, the pinion gear 32, the ring gear
33, the dniving shait 34, and the carrier 35 may rotate
integratedly.

Further, in the power transmission mechanism 3, the
low-speed gear 37 and the carrier 35 may be engaged with
cach other via the clutch C2, thus, the low-speed gear 37 and
the carrier 35 may rotate integratedly. Still further, 1n the
power transmission mechanism 3, the high-speed gear 38
and the carrier 35 may be engaged with each other via a
clutch C3, thus, the high-speed gear 38 and the carrier 35
may rotate integratedly. It 1s to be noted that one of the
clutch C2 and the clutch C3 may be engaged selectively.
That 1s, when the clutch C2 1s engaged, the clutch C3 may
be disengaged, and when the clutch C3 1s engaged, the
clutch C2 may be disengaged. The low-speed gear 37 may
be meshed with a gear 62 fixed to an output shaft 61.
Therefore, with the rotation of the low-speed gear 37, the
output shait 61 may rotate via the gear 62. The high-speed
gear 38 may be meshed with a gear 63 fixed to the output
shaft 61. Therefore, with the rotation of the high-speed gear
38, the output shatt 61 may rotate via the gear 63. The output
shaft 61, the gear 62, and the gear 63 will each be described

later.

Moreover, the gear 39 fixed to a second end of the sun
gear 31 may be meshed with the gear 22. Therelore, 1n a case
where the clutch C0 i1s engaged and the clutch C1 1s
disengaged, the engine driving force transmitted from the

engine 1 to the gear 39 via the engine output shait 11, the
ring gear 33, the pinion gear 32, the sun gear 31, and the
driving shaft 34 may be mputted to the MG 2 via the gear
22 and the mput-output shaft 21. In this case, the MG 2 may
operate as the electricity generator, and may be driven by
using the engine driving force of the engine 1, to thereby
charge the battery 3.

[Controller 4]

The controller 4 included 1n the vehicle driving system
100 may further include a controller area network (CAN) 40,
an engine control unit 41, a hybrid electric vehicle control
unit 42, and a power control unit 43. Hereinafter, the engine
control unit 41 may be simply referred to as an “ECU 417,
the hybrid electric vehicle control unit 42 may be simply
referred to as an “HEV-ECU 427, and the power control unit
43 may be simply referred to as a “PCU 437,

The engine 1 may include, for example, a fuel 1njection
device, an 1gnition device, and a throttle valve, and the
operation of the engine 1 may be controlled by the ECU 41.
The ECU 41 may be coupled to various types of sensors
including a crank angle sensor, an accelerator pedal sensor,
and a coolant temperature sensor. The crank angle sensor
may measure a rotation position of the engine output shaft
11 or the number of rotations of the engine 1. The accelerator
pedal sensor may measure a stepped-down amount of an
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accelerator pedal, that 1s, a position of the accelerator pedal.
The coolant temperature sensor may measure a temperature
of a coolant of the engine 1.

The ECU 41 may control the engine 1 by controlling
various types of devices including the fuel ijection device,
the 1gnition device, and the throttle valve, on the basis of
various pieces ol data obtained from these devices and
control data from the HEV-ECU 42. The ECU 41 may
transmit various pieces of data including the position of the
accelerator pedal, the number of rotations of the engine 1,
and the temperature of the coolant, to the HEV-ECU 42 via
the CAN 40.

The engine 1 and the MG 2 may serve as driving power
sources and may be generally controlled by the HEV-ECU
42. The HEV-ECU 42 may include, for example, a micro-
processor, a read-only memory (ROM), a random-access
memory (RAM), a backup RAM, and an iput-output inter-
tace (I/F). The microprocessor may perform arithmetic
operation. The ROM may hold data such as a program that
causes the microprocessor to execute various processes. The
RAM may hold various pieces of data such as a result of the
arithmetic operation. The backup RAM may hold contents
of the stored data.

The HEV-ECU 42 may be coupled to various types of
sensors including an outside-temperature sensor, a vehicle
speed sensor, and a state of charge sensor. The outside-
temperature sensor may measure a temperature of outside
air. The vehicle speed sensor may measure a speed of the
vehicle. The state of charge sensor may measure a state of
charge of the battery 5. The HEV-ECU 42 may be also
coupled to units such as the ECU 41 or a vehicle dynamic
control unit via the CAN 40 1n a mutually communicable
manner. The ECU 41 may control the engine 1. The vehicle
dynamic control umit may be referred to as a “VDCU”,
heremnafter. The HEV-ECU 42 may receive various pieces of
data such as the number of rotations of the engine 1, the
temperature of the coolant, and the position of the accelera-
tor pedal from the ECU 41 and the VDCU via the CAN 40.

The HEV-ECU 42 may generally control driving of the
engine 1 and the MG 2 on the basis of the obtained various
pieces of data. The HEV-ECU 42 may calculate a requested
output of the engine 1 and a torque command value of the
MG 2 on the basis of factors including: the position of the
accelerator pedal, which retlects dniving force requested by
a driver; a driving state of the vehicle including a vehicle
speed and a traveling load on the vehicle; and the state of
charge (SOC) of the battery 5. The HEV-ECU 42 may output
results of these calculations.

Further, the HEV-ECU 42 may calculate or estimate fuel
consumption per unit time of the engine 1, that 1s, a fuel
consumption rate, on the basis of the obtained various pieces
of data. In one example, the HEV-ECU 42 may compare a
tuel consumption rate FC1 of the engine 1 1n the PS drive
mode with a fuel consumption rate FC2 of the engine 1 in
the engine-directly-coupled drive mode. The fuel consump-
tion rate FC1 1s a fuel consumption rate of the engine 1 in
the PS drive mode, and the fuel consumption rate FC2 1s a
tuel consumption rate of the engine 1 in the engine-directly-
coupled drive mode. In one embodiment, the fuel consump-
tion rate FC1 may serve as a “first fuel consumption rate”.
In one embodiment, the fuel consumption rate FC2 may
serve as a “second fuel consumption rate”. For example, the
HEV-ECU 42 controls the power transmission mechanism 3
to select the PS drive mode, either one of when the fuel
consumption rate FC1 1s lower than the fuel consumption
rate FC2, and when the fuel consumption rate FC1 1s
estimated to be lower than the fuel consumption rate FC2.
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Moreover, the HEV-ECU 42 may control, when a travel-
ing speed of a vehicle 1s lower than or equal to a first speed.,
for example, lower than or equal to 25 km/h, the power
transmission mechamsm 3 to select the PS drive mode
regardless of a magnitude relation between the fuel con-
sumption rate FC1 and the fuel consumption rate FC2.

The ECU 41 may adjust, for example, a position of a
throttle valve of the engine 1 on the basis of the above-
described requested output of the engine 1 which 1s output-

ted from the HEV-ECU 42. The PCU 43 may drive the MG
2 via an inverter 431 on the basis of the above-described
torque command values outputted from the HEV-ECU 42,
The mverter 431 will be described later.

The PCU 43 may include, for example, the inverter 431
and a DC-DC converter 432. The inverter 431 may convert
direct-current electric power from the battery 5 into three-
phase alternating-current electric power and may supply the

MG 2 with the three-phase alternating-current electric
power. As described above, the PCU 43 may drive the MG
2 via the mverter 431 on the basis of the torque command
value received from the HEV-ECU 42. The inverter 431 may
convert alternating-current voltage generated by the MG 2
into direct-current voltage and may charge the battery 5. The
DC-DC converter 432 may make direct-current high voltage
of the battery S drop to, for example, 12 V 1 order to use

the battery 5 as a power source of auxiliary devices and each
of the ECU 41 and the HEV-ECU 42.

[Output Unit 6]

The output unit 6 may include the output shaft 61, the gear
62, and the gear 63. The gear 62 and the gear 63 may each
be fixed to the output shaft 61 and rotatable about the output
shaft 61. The output unit 6 1s configured to output at least
one of the engine drniving force or the motor driving force
transmitted via the power transmission mechanism 3. Here-
inafter, the engine driving force and the motor driving force
may each be simply referred to as a “driving force”. In one
example, the output shait 61 may be coupled to the front
differential 60, for example, and may transmit the driving
force transmitted via the power transmission mechanism 3 to
the front differential 60. The front differential 60 may be
rotationally driven by the driving force transmitted by the
output shait 61. In one embodiment, the output unit 6 may
serve as an “‘output unit”.

[1.2 Drive Modes in Vehicle Driving System 100]

Next, with reference to FIGS. 2A to 4C, drive modes that
the vehicle driving system 100 1s able to select will be
described. The vehicle driving system 100 according to the
example embodiment may take the PS drive mode serving as
the first drive mode 1illustrated in FIGS. 2A to 2C, the
engine-directly-coupled drive mode serving as the second
drive mode illustrated in FIGS. 3A to 3C, and an electric
drive mode serving as a third drive mode illustrated in FIGS.
4Ato4C. FIGS. 2A and 2B are each a schematic diagram for
explaining a power transmission path of the PS drive mode,
and FIG. 2C 1s a table 1n which states of clutches C0 to C3
in the PS drive mode of FIGS. 2A and 2B are written. FIGS.
3A and 3B are each a schematic diagram for explaining a
power transmission path of the engine-directly-coupled
drive mode, and FIG. 3C 1s a table in which states of clutches
C0 to C3 1n the engine-directly-coupled drive mode of FIGS.
3A and 3B are written. FIGS. 4A and 4B are each a
schematic diagram for explaining a power transmission path
of the electric drive mode, and FIG. 4C 1s a table in which
states of clutches C0 to C3 in the electric drive mode of
FIGS. 4A and 4B are written. FIGS. 2A, 3A, and 4A each

illustrate the power transmission path when the low-speed
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gear 37 1s being selected, and FIGS. 2B, 3B, and 4B each
illustrate the power transmission path when the high-speed
gear 38 1s being selected.

As 1llustrated 1n FIGS. 2A to 2C, 1n the PS drive mode, the
clutch C0 may be in an engaged state and the clutch C1 may
be 1n a disengaged state, thus, the engine driving force of the
engine 1 may be transmitted to the front differential 60. That
1s, the engine driving force inputted to the power transmitter
30 via the engine output shaft 11 may be transmitted to the
front differential 60 via the ring gear 33, the pimion gear 32,
the carrier 35, the low-speed gear 37 or the high-speed gear
38, the gear 62 or the gear 63, and the output shait 61. In the
PS drive mode, 1n a case where the low-speed gear 37 1s
being selected, the clutch C2 may be 1n the engaged state and
the clutch C3 may be in the disengaged state. Alternatively,
in a case where the high-speed gear 38 1s being selected, the
clutch C3 may be 1n the engaged state and the clutch C2 may
be 1n the disengaged state.

Further, 1n the PS drive mode, counter-clockwise rotation
of the MG 2 may cause some of the engine driving force to
be mputted to the MG 2 via the sun gear 31, the driving shaft
34, the gear 39, the gear 22, and the mput-output shaft 21.
In this case, the MG 2 may operate as the electricity
generator, and may charge the battery 5. Alternatively,
clockwise rotation of the MG 2 may cause the MG 2 to be
driven by electric power of the battery 3. As a result, the
motor driving force of the MG 2 may be transmitted to the
pinion gear 32 via the input-output shatt 21, the gear 22, the
gear 39, the driving shaft 34, and the sun gear 31, and may
assist the rotation of the carrier 35.

As 1llustrated 1n FIGS. 3A to 3C, 1n the engine-directly-
coupled drive mode, the clutch C0 may be 1n the engaged
state and the clutch C1 may also be 1n the engaged state.
Accordingly, 1 the engine-directly-coupled drive mode, the
engine driving force of the engine 1 may be transmitted to
the front differential 60 only. In the engine-directly-coupled
drive mode, 1n a case where the low-speed gear 37 1s being
selected, the clutch C2 may be 1n the engaged state and the
clutch C3 may be in the disengaged state, as in the case of
the PS drive mode. Alternatively, in a case where the
high-speed gear 38 1s being selected, the clutch C3 may be
in the engaged state and the clutch C2 may be in the
disengaged state.

As 1llustrated 1n FIGS. 4A to 4C, 1n the electric drive
mode, the clutch C0 may be 1n the disengaged state and the
clutch C1 may be 1n the engaged state. Accordingly, 1n the
clectric drive mode, the engine driving force of the engine
1 may not necessarily be transmitted to the front differential
60 and the MG 2, and the motor driving force of the MG 2
that 1s driven by the electric power of the battery 5 may be
transmitted to the front differential 60. In one example, the
motor driving force generated by the MG 2 may be trans-
mitted to the front differential 60 via the mput-output shaift
21, the gear 22, the gear 39, the driving shaift 34, the disc 36,
the carrier 35, the low-speed gear 37 or the high-speed gear
38, the gear 62 or the gear 63, and the output shaft 61. In the
clectric drive mode, 1n a case where the low-speed gear 37
1s being selected, the clutch C2 may be 1n the engaged state
and the clutch C3 may be 1n the disengaged state, as 1n the
case of the PS drive mode. Alternatively, 1n a case where the
high-speed gear 38 1s being selected, the clutch C3 may be
in the engaged state and the clutch C2 may be 1n the
disengaged state.

[1.3 Control 1n Vehicle Driving System]

Next, with reference to FIG. 5, a control flow 1n the
vehicle driving system 100 will be described. FIG. 5 1s an
example of a flowchart for explaining a control flow 1n the
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vehicle driving system 100. A series of control processes
illustrated 1n FIG. 5 may be executed by the controller 4
including the HEV-ECU 42.

First, the vehicle driving system 100 may cause traveling
of the vehicle to start 1n the electric drive mode illustrated 1n
FIGS. 4A to 4C. Thereafter, after causing the engine 1 to
start, the HEV-ECU 42 may compare the number of rota-
tions per unit time of the carrier 35 with the number of
rotations per unit time of the sun gear 31 (step S101). In step
S101, the HEV-ECU 42 may determine whether or not a
difference between the number of rotations per unit time of
the carrier 35 and the number of rotations per unit time of the

sun gear 31 1s less than or equal to a fixed value. In a case
where the HEV-ECU 42 determines that the difference

between the number of rotations per unit time of the carrier
35 and the number of rotations per unit time of the sun gear
31 1s less than or equal to the fixed value (Y in step S101),

the processing proceeds to step S102, and a transition may

be made from the electric drive mode (FIGS. 4A to 4C) to
the engine-directly-coupled drive mode (FIGS. 3A to 3C).
Alternatively, 1 a case where the HEV-ECU 42 determines
that the difference between the number of rotations per unit
time of the carrier 35 and the number of rotations per unit
time of the sun gear 31 exceeds the fixed value (N 1n step
S101), the HEV-ECU 42 may adjust the number of rotations
of the MG 2 (step S103), and the processing returns to step
S101.

Thereatter, the HEV-ECU 42 may compare the fuel
consumption rate FC1 1n the PS drive mode with the fuel
consumption rate FC2 in the engine-directly-coupled drive
mode (step S104). In a case where the HEV-ECU 42
determines that the fuel consumption rate FC1 1s lower than
the fuel consumption rate FC2 (Y 1n step S104), a transition
may be made from the engine-directly-coupled drive mode
(FIGS. 3A to 3C) to the PS drive mode (FIGS. 2A to 2C),
in accordance with step S107. Alternatively, 1n a case where
the HEV-ECU 42 determines that the fuel consumption rate
FC1 1s higher than or equal to the fuel consumption rate FC2
(N 1n step S104), the processing proceeds to step S105.

In step S105, the HEV-ECU 42 may determine whether or
not a traveling speed V of the vehicle driven by the vehicle
driving system 100 1s lower than or equal to, for example, 25
km/h. In a case where the HEV-ECU 42 determines that the
traveling speed V 1s lower than or equal to, for example, 25
km/h (Y 1n step S105), the transition may be made from the
engine-directly-coupled drive mode (FIGS. 3A to 3C) to the
PS drive mode (FIGS. 2A to 2C), 1 accordance with step
S107. Alternatively, in a case where the HEV-ECU 42
determines that the traveling speed V exceeds, for example,
25 km/h (N 1n step S105), the processing proceeds to step
S106.

In step S106, the HEV-ECU 42 may compare a requested
amount of charge-discharge corresponding to a drniver
requested output with an upper limit of an amount of
discharge of the battery 5. In one example, either one of
when the requested amount of charge-discharge 1s deter-
mined to be larger than the upper limit of the amount of
discharge of the battery 5 by a first value or more, and when
the requested amount of charge-discharge 1s estimated to be
larger than the upper limit of the amount of discharge of the
battery 5 by the first value or more (Y 1n step S106), the
HEV-ECU 42 causes the processing to proceed to step S107.
In step S107, the HEV-ECU 42 may control the power
transmission mechanism 3 to perform switching from the
engine-directly-coupled drive mode to the PS drive mode.
The first value 1n step S106 may be, for example, 5 kW.
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It 1s to be noted that, 1n step S106, for example, a map
defining a relationship between the driver requested output
and the requested amount of charge-discharge illustrated 1n
FIG. 6 may be prepared 1in advance, and, on the basis of the
driver requested output that may be determined by the
position ol the accelerator pedal, the requested amount of
charge-discharge corresponding to the driver requested out-
put may be calculated.

Further, the upper limit of the amount of discharge of the
battery 5 may be calculated from a map in FIG. 7 prepared
in advance, for example, which defines a relationship
between the state of charge (SOC) and the upper limait of the
amount of charge-discharge of the battery 5. It 1s to be noted
that a lower limit of the amount of charge-discharge of the
battery 5 may also be calculated from a map which 1s also
included 1n FIG. 7 and which defines a relationship between
the state of charge (SOC) and the lower limit of the amount
of charge-discharge of the battery 5. The upper limit of the
amount ol charge-discharge and the lower limit of the
amount of charge-discharge both vary in proportion to the
state of charge (SOC) of the battery 5. Further, the upper
limit of the amount of charge-discharge and the lower limait
of the amount of charge-discharge of the battery 5 are set to
keep the state of charge (SOC) of the battery 5 within a
predetermined range. On the basis of data obtained from the
state of charge sensor, 1n a case where the state of charge
(SOC) of the battery 5 1s relatively high, the HEV-ECU 42
may limit charge of the battery 5, and 1n a case where the
state of charge (SOC) of the battery 5 1s relatively low, the
HEV-ECU 42 may limit discharge of the battery 5. It 1s to
be noted that, 1n a case where the requested amount of
charge 1s sufliciently larger than the upper limit of the
amount of charge, the state of charge (SOC) of the battery
5 may be high, and the charge of the battery 5 may be
limited. In this case, the HEV-ECU 42 may control the
power transmission mechanism 3 to perform switching from
the engine-directly-coupled drive mode or the PS drive
mode to the electric drive mode.

In step S107, the mode 1s switched from the engine-
directly-coupled drive mode to the PS drive mode, and
thereafter, the processing proceeds to step S108. In step
5108, the HEV-ECU 42 may compare the requested amount
ol charge-discharge corresponding to the driver requested
output with the upper limit of the amount of discharge of the
battery 5. In one example, either one of when the requested
amount of charge-discharge 1s determined to be smaller than
the upper limit of the amount of discharge of the battery 5
by a second value or more, and when the requested amount
of charge-discharge 1s estimated to be smaller than the upper
limit of the amount of discharge of the battery 5 by the
second value or more (Y 1n step S108), the HEV-ECU 42
causes the processing to proceed to step S109. In step S109,
the HEV-ECU 42 may control the power transmission
mechanism 3 to perform switching from the PS drive mode
to the engine-directly-coupled drive mode. The second value
in step S108 may be, for example, 5 kKW.

The control flow 1n the vehicle driving system 100 may
terminate after step S109. Further, either one of when the
requested amount of charge-discharge 1s not determined to
be larger than the upper limit of the amount of discharge of
the battery 5 by the first value or more, and when the
requested amount of charge-discharge 1s not estimated to be
larger than the upper limit of the amount of discharge of the
battery 5 by the first value or more in step S106 (N in step
5106), the control flow 1n the vehicle driving system 100
may terminate straight away after step S106. Still further,
either one of when the requested amount of charge-discharge
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1s not determined to be smaller than the upper limit of the
amount of discharge of the battery 5 by the second value or
more, and when the requested amount of charge-discharge 1s
not estimated to be smaller than the upper limit of the
amount of discharge of the battery 5 by the second value or
more 1n step S108 (N 1n step S108), the control flow 1n the
vehicle driving system 100 may terminate straight away
alter step S108.

| Workings and Example Effects of Vehicle Driving System
100]

As described above, 1n the vehicle driving system 100
according to the example embodiment and the vehicle
including the vehicle driving system 100, the controller 4
selects the PS drive mode on the basis of the comparison
between the fuel consumption rate FC1 and the fuel con-
sumption rate FC2; therefore, the fuel consumption of the
engine 1 1s reduced. That 1s, when there 1s a transition
request from the engine-directly-coupled drive mode to the
PS drive mode, the controller 4 estimates an operating point
of the engine 1 at the point of making the transition to the
PS drive mode, and calculates the fuel consumption rate FC1
at the estimated operating point of the engine 1. Here, either
one of when the fuel consumption rate FC1 in the PS drive
mode 1s lower than the fuel consumption rate FC2 1n the
engine-directly-coupled drive mode, and when the fuel
consumption rate FC1 1s estimated to be lower than the fuel
consumption rate FC2, the power transmission mechanism 3
1s controlled to select the PS drive mode. Accordingly, 1n the
vehicle driving system 100 and the vehicle including the
vehicle driving system 100, 1t becomes possible to drive n
a drive mode whose fuel consumption rate 1s lower, and
allowing for expectations 1n reduction 1n fuel consumption.

A hybrnid electric vehicle including a transmission having
a PS drive mode generally travels using the engine driving
force as a main driving force. In a case where high output 1s
required when traveling at a low speed, however, the engine
operating point makes a transition to a high torque range;
therefore, there 1s a possibility that the fuel etliciency can
deteriorate. Accordingly, the PS drive mode 1s selected.
However, the operating point in the PS drive mode only has
a degree of freedom that 1s limited to the number of rotations
of the output shait; therefore, there 1s a possibility that the
fuel consumption 1n the PS drive mode can be higher than
the fuel consumption 1n the engine-directly-coupled drive
mode depending on the traveling state of the vehicle. In this
respect, the vehicle dniving system 100 according to the
example embodiment performs the switching between the
PS drive mode and the engine-directly-coupled drive mode
on the basis of the comparison between the fuel consump-
tion rate FC1 and the fuel consumption rate FC2; therefore,
the fuel consumption of the engine 1 1s reduced.

Further, 1n the example embodiment, the transition from
the engine-directly-coupled drive mode to the PS dnive
mode 1s executed, either one of when the requested amount
of charge-discharge 1s determined to be larger than the upper
limit of the amount of discharge of the battery by the first
value or more, and when the requested amount of charge-
discharge 1s estimated to be larger than the upper limit of the
amount of discharge of the battery by the first value or more.
Still further, the transition from the PS drive mode to the
engine-directly-coupled drive mode 1s executed, either one
of when the requested amount of charge-discharge 1s deter-
mined to be smaller than the upper limit of the amount of
discharge of the battery by the second value or more, and
when the requested amount of charge-discharge 1s estimated
to be smaller than the upper limit of the amount of discharge
of the battery by the second value or more. Thus, it 1s
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possible to prevent hunting that occurs when the switching,
1s performed between the engine-directly-coupled drive

mode and the PS drive mode.

Moreover, in the example embodiment, 1n a case where
the traveling speed V of the vehicle 1s lower than or equal
to the first speed, for example, lower than or equal to 25
km/h, the PS drive mode 1s selected regardless of a magni-
tude relation between the fuel consumption rate FC1 and the
fuel consumption rate FC2. Thus, 1n a case where the
number of rotations per unit time of the engine 1 changes in
accordance with the traveling speed V of the vehicle, 1t 1s
possible to compensate shortage of the engine driving force
generated 1 the engine 1 based on the dniver requested
output with the motor driving force generated in the MG 2.
As a result, 1t 1s possible to perform smooth traveling that
responds to the request of the driver.

2. Modification Examples

Although some example embodiments of the technology
have been described 1n the foregoing, the technology 1s by
no means limited to the example embodiments. Various
changes and modifications may be made to any example
embodiment without departing from the scope of the tech-
nology.

For example, the ECU 41, the HEV-ECU 42, and the PCU
43 according to the foregoing example embodiment may
cach be an individual piece of hardware, or may be a single
integrated piece of hardware.

The series of processes described in the foregoing
example embodiment and modification example may be
performed by hardware such as circuitry, and may be
performed by software such as a program. In a case where
the series of processes 1s performed by software, the soft-
ware may be a group of programs for causing a computer to
execute various operations. Each program may be a built-in
program that is incorporated in the computer in advance for
use. Each program may also be installed 1in the computer
from a network or a recording medium for use, for example.

In some example embodiments of the technology, the
controller may control the power transmission mechanism 3
to select the first drive mode serving as the PS drive mode,
either one of when the first fuel consumption rate (FC1) 1s
continuously determined to be lower than the second tuel
consumption rate (FC2) for a predetermined period of time,
and when the first fuel consumption rate (FC1) 1s continu-
ously estimated to be lower than the second fuel consump-
tion rate (FC2) for the predetermined period of time. Also in
this case, 1t 1s possible to prevent hunting that occurs when
the switching 1s performed between the first drive mode and
the second drive mode.

For example, the forgoing example embodiment 1s 1llus-
trated as an example where the vehicle driving system 1s
mounted on a hybnd electric vehicle. The technology 1s,
however, not limited thereto. The technology may also be
applicable to: a rotator driving system that 1s mounted on a
movable body other than the vehicle, such as a vessel or an
aircraft, and drives the rotator of the movable body; and a
rotator driving system that 1s mounted on an apparatus that
does not travel, such as construction machinery or a working
robot, and drives the rotator of the apparatus.

In the driving system according to one example embodi-
ment of the technology, the controller 1s configured to select
the first drive mode on the basis of the comparison between
the first Tuel consumption rate and the second fuel consump-
tion rate; therefore, the fuel consumption of the engine 1s
reduced.
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According to the driving system 1n one example embodi-
ment of the technology, 1t possible to reduce the fuel
consumption of the engine.

The example eflects described above are merely illustra-
tive and non-limiting. Any embodiment may achieve an
cllect other than the example eflects described above.

The controller 4 illustrated in FIG. 1 1s implementable by
circuitry including at least one semiconductor integrated
circuit such as at least one processor (e.g., a central pro-
cessing umt (CPU)), at least one application specific inte-
grated circuit (ASIC), and/or at least one field programmable
gate array (FPGA). At least one processor 1s configurable, by
reading 1instructions from at least one machine readable
non-transitory tangible medium, to perform all or a part of
functions of the controller 4. Such a medium may take many
forms, including, but not limited to, any type ol magnetic
medium such as a hard disk, any type of optical medium
such as a CD and a DVD, any type of semiconductor
memory (1.e., semiconductor circuit) such as a volatile

memory and a non-volatile memory. The volatile memory
may include a DRAM and a SRAM, and the nonvolatile

memory may include a ROM and a NVRAM. The ASIC 1s
an integrated circuit (IC) customized to perform, and the
FPGA 1s an integrated circuit designed to be configured after
manufacturing i1n order to perform, all or a part of the
functions of the controller 4 1illustrated 1n FIG. 1.

Although some example embodiments of the technology
have been described in the foregoing by way of example
with reference to the accompanying drawings, the technol-
ogy 1s by no means limited to the example embodiments
described above. It should be appreciated that modifications
and alterations may be made by persons skilled 1n the art
without departing from the scope as defined by the appended
claims. The technology 1s intended to include such modifi-
cations and alterations in so far as they fall within the scope
of the appended claims or the equivalents thereof.

The mvention claimed 1s:

1. A drniving system comprising:

an engine configured to generate an engine driving force;

a motor generator configured to generate a motor driving,
force;

an output unit configured to output at least one of the
engine driving force or the motor driving force;

a power transmission mechanism configured to select a
first drive mode and a second drive mode, the first drive
mode being a mode 1n which both of the engine driving
force and the motor driving force are transmitted to the
output unit, the second drive mode being a mode 1n
which the engine driving force, out of the engine
driving force and the motor driving force, 1s transmaitted
to the output unit; and

a controller configured to control the power transmission
mechanism to select the first drive mode, either one of
when a first fuel consumption rate 1s lower than a
second fuel consumption rate, and when the first fuel
consumption rate 1s estimated to be lower than the
second fuel consumption rate, the first fuel consump-
tion rate being a tuel consumption rate of the engine 1n
the first drive mode, the second fuel consumption rate
being a fuel consumption rate of the engine in the
second drive mode,

wherein the controller controls the power transmission
mechanism to perform switching from the second drive
mode to the first drive mode, either one of when a
requested amount of charge-discharge corresponding to
a requested output 1s determined to be larger than an
upper limit of an amount of discharge of a battery by a
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first value or more, and when the requested amount of

charge-discharge corresponding to the requested output

1s estimated to be larger than the upper limit of the
amount of discharge of the battery by the first value or
more, and

wherein the controller controls the power transmission
mechanism to select the second drive mode, either one
of when the requested amount of charge-discharge
corresponding to the requested output 1s determined to
be smaller than the upper limit of the amount of
discharge of the battery by a second value or more, and
when the requested amount of charge-discharge corre-
sponding to the requested output i1s estimated to be
smaller than the upper limit of the amount of discharge
of the battery by the second value or more.

2. The dniving system according to claim 1, wherein

the driving system 1s configured to drive a vehicle, and

the controller controls, when a traveling speed of the
vehicle 1s lower than a first speed, the power transmis-
ston mechamsm to select the first drive mode regardless
of a magnitude relation between the first fuel consump-
tion rate and the second fuel consumption rate.

3. The drniving system according to claim 1, wherein the
controller controls the power transmission mechanism to
select the first drive mode, either one of when the first fuel
consumption rate 1s determined to be lower than the second
fuel consumption rate continuously for a predetermined time
period, and when the first fuel consumption rate 1s estimated
to be lower than the second fuel consumption rate continu-
ously for the predetermined time period.

4. A driving system comprising;:

an engine configured to generate an engine driving force;

a motor generator configured to generate a motor driving,
force;

an output unit configured to output at least one of the
engine driving force or the motor driving force;

a power transmission mechanism configured to select a
first drive mode and a second drive mode, the first drive
mode being a mode 1n which both of the engine driving
force and the motor driving force are transmitted to the
output unit, the second drive mode being a mode 1n
which the engine driving force, out of the engine
driving force and the motor driving force, 1s transmitted
to the output unit;

a controller configured to control the power transmission
mechanism to select the first drive mode, either one of
when a first fuel consumption rate 1s lower than a
second fuel consumption rate, and when the first fuel
consumption rate 1s estimated to be lower than the
second fuel consumption rate, the first fuel consump-
tion rate being a fuel consumption rate of the engine in
the first drive mode, the second fuel consumption rate
being a fuel consumption rate of the engine 1n the
second drive mode;

a battery configured to supply the motor generator with
clectric power that drives the motor generator,

wherein the controller controls, when a traveling speed of
a vehicle 1s lower than a first speed, the power trans-
mission mechamism to select the first drive mode
regardless of a magnitude relation between the first fuel
consumption rate and the second fuel consumption rate,
and

wherein the controller controls the power transmission
mechanism to select the second drive mode, either one
of when a requested amount of charge-discharge cor-
responding to a requested output 1s determined to be
smaller than an upper limit of an amount of discharge
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of the battery by a first value or more, and when the
requested amount of charge-discharge corresponding to
the requested output 1s estimated to be smaller than the
upper limit of the amount of discharge of the battery by
the first value or more.

5. A driving system to be applied to a vehicle, the driving
system comprising:

an engine configured to generate an engine driving force

to rotate an engine output shaft;

a motor generator configured to generate a motor driving,

force to rotate an input-output shaft;

a power transmission mechanism comprising

a driving shaft coupled to the mput-output shait of the
moftor,

a sun gear fixed to the driving shatt,

a pinion gear meshed with the sun gear,

a carrier supporting the pinion gear and rotating around
a rotating axis of the driving shatft,

a ring gear meshed with the pinion gear and coupled to
the engine output shatt, and

a clutch disposed between the driving shaft and the
carrier, the clutch configured to switch 1) an engaged
state 1n which the driving shaft and the carrier rotate
integratedly and 11) a disengaged state 1n which the
driving shaft and the carrier rotate independently;

an output unit configured to couple the carrier and a wheel

of the vehicle; and

a controller configured to control the clutch to be 1n the

disengaged state, when either one of when a first fuel
consumption rate 1s lower than a second fuel consump-
tion rate, and when the first fuel consumption rate 1s
estimated to be lower than the second fuel consumption
rate, the first fuel consumption rate being a fuel con-
sumption rate of the engine 1n a case where the clutch
1s 1n the disengaged state, the second fuel consumption
rate bemng a fuel consumption rate of the engine 1n a
case where the clutch 1s 1n the engaged state.

6. The drniving system according to claim 5, wherein the
controller controls the clutch to be 1n the disengaged state
when a traveling speed of the vehicle 1s lower than a first
speed, the clutch regardless of a magnitude relation between
the first fuel consumption rate and the second fuel consump-
tion rate.

7. The dnving system according to claim 6, further
comprising a battery configured to supply the motor gen-
erator with electric power that drives the motor generator,

wherein the controller controls the clutch to be in the

disengaged state, either one of when a requested
amount ol charge-discharge corresponding to a
requested output 1s determined to be larger than an
upper limit of an amount of discharge of the battery by
a first value or more, and when the requested amount of
charge-discharge corresponding to the requested output
1s estimated to be larger than the upper limit of the
amount of discharge of the battery by the first value or
more.

8. The drniving system according to claim 7, wherein the
controller controls the clutch to be in the engaged state,
either one of when the requested amount of charge-discharge
corresponding to the requested output 1s determined to be
smaller than the upper limit of the amount of discharge of the
battery by a second value or more, and when the requested
amount of charge-discharge corresponding to the requested
output 1s estimated to be smaller than the upper limit of the
amount of discharge of the battery by the second value or
more.
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9. The driving system according to claim 6, further
comprising a battery configured to supply the motor gen-
erator with electric power that drives the motor generator,

wherein the controller controls the clutch to be 1n the

engaged state, either one of when a requested amount
of charge-discharge corresponding to a requested out-
put 1s determined to be smaller than an upper limit of
an amount of discharge of the battery by a first value or

more, and when the requested amount of charge-dis-
charge corresponding to the requested output 1s esti-
mated to be smaller than the upper limit of the amount
of discharge of the battery by the first value or more.
10. The driving system according to claim 5, further
comprising a battery configured to supply the motor gen-
erator with electric power that drives the motor generator,
wherein the controller controls the clutch to be in the
disengaged state, either one of when a requested
amount ol charge-discharge corresponding to a
requested output 1s determined to be larger than an
upper limit of an amount of discharge of the battery by
a first value or more, and when the requested amount of
charge-discharge corresponding to the requested output
1s estimated to be larger than the upper limit of the
amount of discharge of the battery by the first value or
more.
11. The drniving system according to claim 10, wherein the
controller controls the clutch to be in the engaged state,
cither one of when the requested amount of charge-discharge
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corresponding to the requested output 1s determined to be
smaller than the upper limit of the amount of discharge of the
battery by a second value or more, and when the requested
amount of charge-discharge corresponding to the requested
output 1s estimated to be smaller than the upper limit of the
amount of discharge of the battery by the second value or
more.

12. The driving system according to claim 5, further
comprising a battery configured to supply the motor gen-
erator with electric power that drives the motor generator,

wherein the controller controls the clutch to be 1n the

engaged state, either one of when a requested amount
of charge-discharge corresponding to a requested out-
put 1s determined to be smaller than an upper limit of
an amount of discharge of the battery by a first value or
more, and when the requested amount of charge-dis-
charge corresponding to the requested output 1s esti-
mated to be smaller than the upper limit of the amount
of discharge of the battery by the first value or more.

13. The driving system according to claim 5, wherein the
controller controls the clutch to be 1n the disengaged state,
cither one of when the first fuel consumption rate 1s deter-
mined to be lower than the second fuel consumption rate
continuously for a predetermined time period, and when the
first fuel consumption rate 1s estimated to be lower than the
second fuel consumption rate continuously for the predeter-
mined time period.
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